Objectives This study sought to evaluate the safety and efficacy of the Lutonix drug-coated balloon (DCB) coated with 2 mg/mm 2 paclitaxel and a polysorbate/sorbitol carrier for treatment of femoropopliteal lesions.
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The LEVANT I (Lutonix Paclitaxel-Coated Balloon for the Prevention of Femoropopliteal Restenosis) Trial for Femoropopliteal Revascularization
First-in-Human Randomized Trial of Low-Dose Drug-Coated Balloon Versus Uncoated Balloon Angioplasty
Objectives This study sought to evaluate the safety and efficacy of the Lutonix drug-coated balloon (DCB) coated with 2 mg/mm 2 paclitaxel and a polysorbate/sorbitol carrier for treatment of femoropopliteal lesions.
Background Percutaneous treatment of peripheral vascular disease is associated with a high recurrence. Paclitaxel-coated balloons at 3 mg/mm 2 formulated differently have shown promising results with reduced restenosis.
Methods Subjects at 9 centers with Rutherford class 2 to 5 femoropopliteal lesions were randomized between June 2009 and December 2009 to treatment with Lutonix DCB (n ¼ 49) versus uncoated balloons (control group [n ¼ 52]), stratified by whether balloon-only treatment (n ¼ 75) or stenting (n ¼ 26) was intended. The primary endpoint was angiographic late lumen loss at 6 months. Secondary outcomes included adjudicated major adverse events (death, amputation, target lesion thrombosis, reintervention), functional outcomes, and pharmacokinetics.
Results Demographic, peripheral vascular disease, and lesion characteristics were matched, with mean lesion length of 8.1 AE 3.8 cm and 42% total occlusions. At 6 months, late lumen loss was 58% lower for the Lutonix DCB group (0.46 AE 1.13 mm) than for the control group (1.09 AE 1.07 mm; p ¼ 0.016). Composite 24-month major adverse events were 39% for the DCB group, including 15 target lesion revascularizations, 1 amputation, and 4 deaths versus 46% for uncoated balloon group, with 20 target lesion revascularizations, 1 thrombosis, and 5 deaths. Pharmacokinetics showed biexponential decay with peak concentration (C max ) of 59 ng/ml and total observed exposure (AUC all ) of 73 ng h/ml. For successful DCB deployment excluding 8 malfunctions, 6-month late lumen loss was 0.39 mm and the 24-month target lesion revascularization rate was 24%. Peripheral vascular disease, like coronary artery disease, is a significant source of morbidity and mortality with high clinical and economic costs (1) (2) (3) . Percutaneous balloon angioplasty of the superficial femoral artery and popliteal lesions is effective at acutely restoring flow, but restenosis occurs in 40% to 60% of patients within 1 year, leading to therapeutic failure and reintervention (4-7). Bare nitinol stents have improved outcomes, with a reduction in 1-year restenosis rates of 20% to 40% (8) (9) (10) (11) , but durability of patency after existing percutaneous treatment options remains a clinical challenge. Drug-coated balloons (DCB) offer a mechanism to deliver antiproliferative drugs directly to the diseased artery wall without the need for a stent scaffold. Pre-clinical studies demonstrate even limited exposure of smooth muscle to paclitaxel yields sustained inhibition of proliferation (12, 13) . The first effective DCB dissolved paclitaxel in organic solvents with the contrast agent iopromide to facilitate application to the balloon (13, 14) . Early randomized clinical studies in both coronary (15, 16) and peripheral (17, 18) vascular beds suggest that angioplasty balloons coated with 3 mg/mm 2 paclitaxel formulated with iopromide are effective at inhibiting restenosis.
Conclusions
A wide variety of drug-release profiles and restenosis outcomes have been observed for different drug-eluting stent formulations that deliver similar amounts of paclitaxel (19) (20) (21) (22) . Similarly, different outcomes have been reported for DCB formulations containing similar amounts of paclitaxel in animal models (23, 24) and human clinical trials (25, 26) , highlighting the criticality of formulation for local paclitaxel delivery.
The purpose of this randomized study is to evaluate the biologic effect and estimate potential clinical outcomes with use of the Lutonix DCB technology with 2 mg/mm 2 paclitaxel formulated with polysorbate and sorbitol in the superficial femoral or popliteal arteries by direct comparison to uncoated balloon angioplasty. As a measure of antirestenotic effect, angiographic late lumen loss (LLL) was selected as the primary endpoint for consistency with previous DCB studies (15) (16) (17) (18) .
Methods
Design and study population. LEVANT I (Lutonix Paclitaxel-Coated Balloon for the Prevention of Femoropopliteal Restenosis) was a prospective, single blind (to patient), randomized (1:1) trial comparing LLL in femoropopliteal lesions treated with the Lutonix DCB versus an uncoated balloon. Lesion criteria for enrollment included single de novo or (non-in-stent) restenotic lesions (operator-determined >70% stenosis; length !4 cm and 15 cm; reference vessel diameter !4 mm and 6 mm). Eligible participants were !18 years old with Rutherford clinical category 2 to 5 claudication or critical limb ischemia. Exclusions included the following: life expectancy 2 years; creatinine >2.5 mg/dl or history of hemorrhagic stroke 3 months; previous surgery of the target lesion; previous or planned intervention 30 days; use of adjunctive therapies (including glycoprotein IIb/IlIa inhibitors); severe lesion calcification; sudden symptom onset; acute or subacute target vessel thrombus or occlusion; absence of !1 patent untreated runoff vessel; or significant inflow disease. The study was conducted in full compliance with International Conference on Harmonization Good Clinical Practice, ISO 14155, and the Declaration of Helsinki, and with approval of the local ethics committee. Study enrollment and randomization. Subjects were stratified after pre-dilation (to less than reference vessel diameter) based on whether the interventionalist intended to use only balloon dilation of the lesion or intended concomitant stenting. After successful pre-dilation or stenting, subjects in each stratum (intended balloon-only or intended stenting) were randomized 1:1 to Lutonix DCB or uncoated balloon (control group) using sequentially numbered sealed envelopes in blocks of 4 via computer-generated random numbers (Integra Group, Brooklyn Park, Minnesota).
Study device. The Lutonix DCB is a low-dose DCB coated with 2 mg/mm 2 paclitaxel. In addition to paclitaxel, the coating on the Lutonix DCB contains a polysorbate/sorbitol carrier. The carrier was selected after screening over 200 formulations for ability to achieve a highly uniform and durable coating, to minimize drug loss during insertion and transit to the target area, and to facilitate drug transfer with redistribution and retention in deep layers of the arterial wall. Procedure. Angioplasty was performed according to the standard procedure at the investigational site. The Lutonix DCB (Lutonix, Inc., a subsidiary of C. R. Bard, New Hope, Minnesota) was provided in diameters of 5.0 mm and 6.0 mm and lengths of 60 mm and 100 mm. Operators were instructed to ensure DCB placement proximally and distally beyond the margins of the pre-dilated injury segment, to inflate within 3 min of insertion, and to maintain inflation for !30 s. If 2 balloons were needed, the marker bands of each sequentially used DCB were overlapped for complete lesion and margin coverage. In the control group, off-theshelf percutaneous balloon angioplasty balloons were used for dilation. To control bias, bailout nitinol stenting in the intended balloon-only stratum was permitted in either group only for grade C or greater dissections or occlusive complications.
Device success was defined as successful delivery and deployment of the first inserted study device at the intended target lesion and withdrawal of that study device with attainment of <30% final residual stenosis of the target lesion by quantitative angiography. Procedural success was investigatorreported completion of the procedure with <30% residual stenosis of the target lesion after prolonged dilation and stenting, if necessary.
Study medication regimens and schedules were according to local clinical practice with aspirin (100 to 325 mg per day indefinitely) and clopidogrel loading dose (75 or 300 mg) with maintenance for 1 month in balloon-only subjects and 3 months in stented subjects. Primary endpoint. The primary outcome was angiographic LLL at 6 months in the analysis segment (entire length of the balloon inflation area [the injury segment] plus 5-mm proximal and distal margins) as assessed by independent, blinded angiographic core lab analysis (genae associates, Antwerp, Belgium). Study outcomes and follow-up. Clinical follow-up was conducted at 1, 6, 12, and 24 months after the procedure. Angiography of the target limb was performed at index procedure and 6 months after the procedure. Duplex ultrasound, Rutherford classification, ankle brachial index, and walking impairment questionnaire were evaluated at baseline, 6, 12, and 24 months. Primary patency rates were based on freedom from target lesion revascularization (TLR) and from angiographic binary restenosis >50% at 6 months or Doppler ultrasound peak systolic velocity ratio !2.5 at 12 
and 24 months. Major adverse events were independently adjudicated by a Clinical events committee, and a data safety and monitoring board (genae associates) evaluated the progress of the study. Pharmacokinetic substudy. Pharmacokinetic (PK) analysis was performed in 7 Lutonix DCB subjects on the basis of paclitaxel levels measured pre-procedure, post-procedure, at 1 h, 3 h, and prior to discharge using WinNonlin noncompartmental analysis (Seventh Wave Labs, Chesterfield, Missouri; high-performance lipid chromatography mass spectroscopy by BASi Labs, McMinnville, Oregon). The lower limit of detection was 0.1 ng/ml. Statistical analysis. Formal a priori hypothesis testing was not performed for this feasibility study. The study required 100 subjects to provide !80% power to detect a clinically meaningful difference in LLL of 15% of reference vessel diameter between treatment groups on the basis of a 2-sample Student t test with 2-sided alpha 0.05. Descriptive statistics were used for analyses on the primary dataset including all randomized participants in both strata on an intention-to-treat (ITT) basis and on post-hoc groups with successful and failed deployment. Continuous variables are presented as mean AE SD, with Student t tests. Nonparametric testing was also conducted, and no differences in conclusions compared with those of the parametric tests were observed. Categorical variables are presented as number and percentage of subjects, with chi-square tests.
Results
Enrollment and follow-up. Between June 26, 2009 and December 2, 2009, 101 subjects were enrolled at 9 clinical sites; 49 subjects were randomized to Lutonix DCB and 52 to uncoated balloons (control) as shown in Figure 1 . The intended balloon-only stratum had 75 subjects and the intended stenting stratum had 26 subjects.
Demographics and peripheral vascular disease history.
Demographic, medical history, peripheral vascular disease status and lesion characteristics (Table 1) were matched between the 2 groups. Mean lesion length was 80.5 mm with 89% de novo lesions. High complexity was evident with 42% total occlusions and 7% popliteal lesions. Procedural outcomes. Treatment balloon deployment parameters (Table 2) were comparable between the Lutonix DCB and uncoated balloon groups, with mean deployment pressures of 9 atm and inflation durations of approximately 100 s (protocol mandated !30 s for drug delivery in the DCB group). Overall stent usage was similar in both randomized groups (p ¼ 0.20), although bailout stenting of subjects in the intended balloon-only stratum was more frequent for the control than the DCB group. The rate of dissections was similar for both randomized groups, but the percentage of dissections that were treated was higher for the control than for the DCB group (80% vs. 33%, p ¼ 0.04).
Device success as assessed by the core lab was lower in the DCB group because of 8 malfunctions resulting in failed deployments. The early failed deployments were Values are mean AE SD, n (%), or n/N (%).
DCB ¼ drug-coated balloon; DS ¼ diameter stenosis; SAE ¼ serious adverse events. obvious to the operator at the time; the devices were easily removed from the body; and adjunctive measures led to 100% procedural success without safety complications. Investigation showed that 8 of 8 deployment failures were because of a manufacturing defect with twisted balloon folds that prevented proper balloon inflation and expansion. Investigative sites were trained to visually inspect the balloons prior to insertion and to not use abnormally folded balloons. Pharmacokinetics. Mean paclitaxel concentrations for the 7 subjects treated with 10 DCB in the PK substudy are presented in Figure 2 . The paclitaxel PK exhibited the expected biexponential decay with a rapid distribution phase followed by a log-linear elimination phase. Group mean values were as follows: peak concentration (C max ) ¼ 58. Table 4 , subjects with successful Lutonix DCB deployment, defined as full expansion and apposition to the vessel wall, had LLL of 0.39 AE 1.11 mm, whereas subjects with failed deployment had LLL of 0.71 AE 1.27. Primary patency at 24 months was 66% for subjects with successful deployment versus 0% for failed deployment (p ¼ 0.002). Only 24% of subjects with successful DCB deployment had a TLR through 24 months, versus 63% of those with failed deployments (p ¼ 0.031). Figure 4 shows Kaplan-Meier event-free survival for the Lutonix DCB group with successful balloon deployment versus for the uncoated balloon control group. Geographic miss was identified in 14 subjects with DCB misplacement such that the drug was not delivered to the entire target lesion or pre-dilation injury segment. The post hoc DCB cohort treated with successfully deployed balloons without geographic miss had 6-month LLL of 0.18 AE 0.99 (n ¼ 23), and 24-month primary patency of 73% (19 of 26) and TLR rate of 19% (5 of 26) (data not shown).
Discussion
This randomized study provides the first human proof of the antirestenotic effect of the Lutonix DCB in treating lower extremity occlusive disease, with a 58% reduction in 6-month LLL for the Lutonix DCB-treated group versus the uncoated balloon control group (0.46 vs. 1.09 mm). These findings compare well to first-generation DCB where higher doses of paclitaxel (3 mg/mm 2 ) resulted in mean LLL of 0.4 mm (17) and 0.5 mm (18) , despite the fact that the vessels treated in this study had smaller diameter with longer lesion length and a higher frequency of total occlusion. The antirestenotic benefit of DCB was observed when used alone or in combination with stents. Safety in this patient population persisted out to 24 months. The Lutonix DCB uses polysorbate and sorbitol as the drug carrier selected to evenly distribute the paclitaxel in a uniform, durable coating for endovascular drug transfer. PK analysis showed transient serum levels after treatment with the Lutonix DCB that are much lower than those reported for pharmaceutical infusions, with comparable elimination (27) .
Deployment success predicts effective drug transfer. In the DCB group, 8 subjects had failed balloon deployment due to a balloon malfunction that prevented full vessel wall apposition. Future lots used a different manufacturing process to resolve this issue, and investigative sites were trained to identify and not use defectively folded balloons. In this group with suboptimal drug delivery and possible 
Cumulative clinical events Values are n (%), n/N (%), or mean AE SD. *Amputation and death occurred in the same subject. yPrimary patency based on freedom from target lesion revascularization and restenosis, restenosis by vascular trauma, 6-month LLL was higher, patency was 0, and 24-month TLR was higher than that seen in subjects with successful DCB deployment. The observation that DCB subjects treated with successfully deployed balloons without geographic miss had a high degree of primary patency (73%) and a low TLR rate (19%) through 24 months provides evidence that optimum drug delivery to the target area of the vessel wall is critical for sustained prevention of restenosis.
Lutonix DCB antirestenotic benefit in intended balloon-only or intended stenting strategies. A simple but novel design element of LEVANT I was stratification into intended stenting versus intended balloon-only groups after predilation but before randomization. The merits of this design are that it balances out differences in stent use, sequence of DCB use (before or after stenting), and risk profiles between the DCB and uncoated balloon groups. The intended balloon-only strata included subjects with post pre-dilation residual stenosis <70%, where it was judged that stenting was unlikely. For this stratum, Lutonix DCB reduced LLL by 62% compared with LLL for uncoated control balloons. The intended stenting stratum included subjects with flowlimiting dissections or stenosis !70% after pre-dilation. This stratum had a smaller sample size, and although mean LLL trended 48% lower for DCB, a difference between arms was not observed. Safety and clinical outcomes to 24 months. This study was designed to measure angiographic LLL and was not powered to assess clinical outcomes. However, use of the DCB did not increase major adverse events (composite or individually) when compared with those seen with the use of uncoated balloons. No target vessel thromboses were observed in the Lutonix DCB group, a historic concern for local vascular delivery. On an ITT basis, the TLR rate appears higher for the DCB group than was observed in other randomized DCB studies reporting TLR rates of 15% (17) and 13% (18) . However, differences between trials in lesion length, stent use, event definitions, censoring, clinical trial rigor, and variability in angiographic follow-up make direct comparisons difficult. The present study was also complicated by the 8 deployment malfunctions. All 3 studies met their primary endpoint of decreased angiographic LLL for DCB. Study limitations. LEVANT I was a single blind design.
Although angiographic entry and stratification criteria were operator-determined prior to randomization, potential postrandomization procedural and follow-up bias cannot be precluded for unblinded operators. Only limited balloon sizes were available, and the protocol-mandated angiograms at 6 months may have confounded clinical follow-up. The study was limited by small sample size for evaluating binary Values are %, mean AE SD, mean AE SD (n), n/N (%), or n (%). *Amputation and death occurred in the same subject.
Abbreviations as in Tables 1 and 3 . Freedom from loss of patency, thrombosis, amputation, and death for Lutonix drug-coated balloon (DCB) treatment (solid line) and uncoated balloon percutaneous balloon angioplasty control (dashed line) for subjects with successful device deployment. Number of subjects at risk over time is provided below curves.
outcomes such as clinical events or patency. Runoff was not compared between the 2 study groups. An unexpected limitation to the study was the balloon deployment malfunctions, with poorer late outcomes in the subgroup with failed deployment that diluted the ITT analysis. Despite the clear failure of drug delivery in this subset of subjects, safety and primary endpoint treatment effect were still evident on an ITT basis.
Conclusions
These data demonstrate the safe use of the low-dose Lutonix DCB to attenuate restenotic responses across various procedural approaches (DCB used alone, with provisional stenting, or after stenting) out to 24 months. Treatment of femoropopliteal lesions with the novel Lutonix DCB is feasible, with similar safety and less LLL than has been reported for uncoated balloon angioplasty.
